Three tested stock-strains of Candida antarctica were found to produce biosurfactants, Le., mixtures of 4 mannosylerythritol lipids. They were similar to those produced by isolated strain T-34, but differed in the compositions of the mixtures of the lipids. Strain T-34 was the best producer of the lipids as to total amounts. The strain produced the lipids from different vegetable oils, but failed to produce them from /f-alkanes or carbohydrates. The supplementation of yeast extract increased the yield of the lipids. Under the optimal conditions in a shake culture, the concentration of the total lipids amounted to about 40g/1 after 8 days. During the cultivation, the composition of the mixture of the lipids was found to change.
The preceding paper1} reported the isolation of a yeast strain capable of producing biosurfactants, with the use of a selective medium, and the identification of the produced biosurfactants as a mixture of 4 mannosylerythri- MELproductivity by different stock-strains of C. antarctica and related species, and experiments designed to determine factors leading to maximal production of MELsby C. antarctica strain T-34.
Materials and Methods
Microorganisms. Strains T-34°and B-72) were isolated as MELproducers and identified as Candida antarctica.X) Three strains of C. antarctica, CBS5955, the type strain of the species, CBS 6678 and CBS 6821 were kindly supplied by the Centraalbureau voor Schimmelcultures, the Netherlands. C. edax CBS 5677 and C. fusiformata CBS 6951 were also used for comparison, because they were 37 reported to be species related to C. antarctica.2A) The strains were maintained on potato-dextrose agar slants.
Culture conditions. Seed cultures were prepared as reported previously.0 A seed culture (1.5 ml) was transferred to a 300-ml Erlenmeyer flasks containing 30ml of a basal fermentation medium, followed by incubation on a rotary shaker (220rpm) at 30°C for 7 days, unless otherwise indicated. The basal fermentation medium contained 8% (v/v) soybean oil, 0.2% NaNO3, 0.02% KH2PO4, 0.02% MgSO4à"7H2O,0.1% yeast extract and tap water.
Analytical methods. MELsin culure broths were characterized by thin-layer chromatography (TLC) with chloroform-methanol-water (65 : 15 : 2) as the solvent system and the relative amount of each component in the mixture of MELswas densitometrically assayed as reported previously.0
The concentrations of total MELs in culture broths were estimated by the following anthrone method. A culture broth (5 ml) was shaken with 10ml ofethyl acetate to extract MELs.After standing, the solvent layer was carefully taken out, and then an aliquot (50jul) of it was pipetted into a test tube and evaporated to dryness under reduced pressure. To the tube, 1 ml of distilled water and 5 ml ofa 0.2% anthrone solution in 75% (v/v) sulfuric acid were added. The tube was heated for lOmin in a boiling water bath. After cooling, the optical density was mea- 
Results and Discussion MELproductivity by strains of C. antarctica and related species
Since isolated strain T-34, the producer of MELs, had been identified as C. antarctica in the preceding study,0 we examined the MEL productivity of three stock-strains of C. antarctica and two strains of related species, namely, C. edax3) and C. fusiformata.4'5) Although C. edax CBS 5675 and C. fusiformata CBS 6951 were found to be unabl to produce any exolipid, all the three tested strains of C. antarctica were found to produce exolipids from soybean oil. These exolipids, extracted from culture broths as reported previously,1} These results showed that MEL productivity from soybean oil was a characteristic of C. antarctica. Table I shows Strain T-34 and the three other stock strains of C. antarcica were able to assimilate a mixture of tf-alkanes as the sole carbon source in plate cultures, the ft-alkanes being supplied to the cells in vapor form. The strains, however, were unable to use the alkanes in shake cultures. It will be possible to induce mutants capable of using the alkanes in shake cultures from these strains, if desired. Strain B-7, another MELproducer,2) was induced from an ft-alkane non-using strain in a shake culture to an ft-alkane using mutant in an enrichment Since the strain was found to require thiamine for growth, the effect of the addition of thiamine on MELproduction was examined in chemically defined media containing different concentrations of thiamine-HCl (1-200 jug/l).
The highest yield of MEL (22mg/ml) was obtained at the concentration of 50/ig/l thiamine-HCl. The yield was lower than expected in the chemically defined media containing thiamine. The effect of the addition of different supplementary organic nutrients instead of yeast extract on MEL production was examined (Table III) MELproduction under the optimal conditions. Among the 4 MELs, MEL-Awas constantly and most abundantly produced. MEL-Bwas mainly produce at late stages. MEL-C, on the contrary, was produced at early stages, decreasing at late stages ( Fig. 1 ). After incubation for 8 days, the total amount of MELsreached a concentration of about 40 mg/ml; this value corresponded to an about 55% yield on a weight basis as to soybean oil supplied.
